A b s t r a c t -I n t h e darwick s p l i t -t r a c k d e s i g n of an electrodynamic system of magnetic l e v i t a t i o n , both v e r t i c a l l i f t and l a t e r a l guidance f o r c e s a r e produced by t h e g e n e r a t i o n of eddy c u r r e n t s i n t h e i n n e r edges of t h e two aluminium guideway s t r i p s . Experiments have been undertaken t o measure t h e l i f t , d
r a g and g -~i d a n c e f o r c e s produced by a cryogenically-cooled, p u l s e d copper c o i l , i r~u n t e d on a f o r c e balance above a 3m-diameter, r o t a t i n g wheel r i g .
I n t r o d u c t i o n
The s p l i t -t r a c k electrodynamic l e v i t a t i o n (EDS) system a s developed a t t h e U n i v e r s i t y of Warwick combines t h e f u n c t i o n s of l e v i t a t i o n , guidance and p r o p u l s i o n from a s i n g l e a r r a y of c o i l s on t h e v e h i c l e , over a p a i r of aluminium conductor r a i l s spaced a p a r t by an amount approximately e q u a l t o t h e c o i l width.
The l e v i t a t i o n and guidance f o r c e s a r e o b t a i n e d by f r i n g e e f f e c t s of t h e p r o p u l s i o n magnets. P r e v i o u s si-udies [ I ] have shown t h a t t h e s p l i t geometry h a s b e t t e r c h a r a c t e r i s t i c s th3n o t h e r EDS systems w i t h an added advantage of p r o v i d i n g a very f l e x i b l e design. This paper p r e s e n t s some e x p e i m e n t a l r e s u l t s of t h e f o r c e c h a r a c t e r i s t i c s i . e . l i f t , l a t e r a l , drag and l i f t t o d r a g r a t i o s , f o r a f l a t , r e c t a n g u l a r c o i l o v e r a s p l i t guideway, u s i n g t h e 3 metre diameter t e s t f a c i l i t y , f o r speeds up t o 45 m/s. ,Comparison i s made w i t h 1:l s c a l e impedance model measurements throughout a s i m i l a r speed range.
Experimental Measurements
An a . c . analogue of t h e EDS system can be r e p r e s e n t e d by t h e impedance modelling technique [Z] , whereby t h e irapedance o f t h e c o i l , c a r r y i n g a.c. c u r r e n t s and p o s i t i o n e d above an aluminium t r a c k , i s measured and hence, t h e f o r c e can be obtained f o r v a r i o u s positions 3f t h e c o i l . The f o r c e of t h e c o i l i s r e l a t e d t o i t s c u r r e n t and t o t h e g r a d i e n t of i h e inductance and s o , by measuring impedance a s a f u n c t i o n of t h e displacement -f t h e c o i l , t h e v e r t i c a l ( l i f t ) and l a t e r a l (guidance) components of t h e inductance can be found.
The Warwick t e s t f a c i l i t y i s d e t a i l e d i n [2].
I t i n v e r t s t h e maglev system f o r experimental convenience b~u s l n g a s t a t i o n a r y v e h i c l e component i n t e r a c t i n g w i t h t h e moving guideway mounted on t h e rim of a 3 metre diameter wheel.
The t e s t wheel
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:19841152 r o t a t e s about a h o r i z o n t a l a x i s with a maximum p e r i p h e r a l v e l o c i t y of 45 m/s. For the experimental EDS i n v e s t i g a t i o n anapproximately1/12 s c a l e d model was used. The guidance conductors a r e two aluminium s t r i p s 65mm wide, 6.35mm t h i c k , with a separat i o n of l l O m m from the i n n e r edges. The t r a c k thickness chosen ensures f u l l eddy c u r r e n t p e n e t r a t i o n a t t h e maximum v e l o c i t y of 45 m/s. A 546 t u r n , copper c o i l , 130mm square i s mounted on a 3 component f o r c e balance. The c o i l was open-bath, cooled with l i q u i d n i t r o g e n and energised w i t h a constant c u r r e n t of 20 amps, which gave a measurement time of 3 secs. before t h e voltage of the power supply was exceeded. A 3 component, strain-gauge, f o r c e balance t o measure l i f t , drag, and l a t e r a l f o r c e s was designed and b u i l t with a maximum f o r c e of + 10 newtons and good l i n e a r i t y .
Results
--a ) I n f i n i t e width track:
For a f i x e d l e v i t a t i o n h e i g h t (22.5mm) the l i f t and drag f o r c e s and l i f t l d r a g r a t i o were measured f o r a square c o i l (130 x 130mm) p o s i t i o n e d over an i n f i n i t e s h e e t of thickness 6.35mm, f o r t h e speed range 0-45 m/s. The measurements show t h a t the l i f t f o r c e i n c r e a s e s r a p i d l y as a f u n c t i o n of speed up t o 10 m/s, then l e v e l s off approaching the asymptotic l i m i t with i n c r e a s i n g v e l o c i t y . The drag f o r c e on t h e o t h e r hand r i s e s t o a peak value a t a r e l a t i v e l y low speed (7.6 m/s) and then decreases with i n c r e a s i n g speed [2] . The l i f t l d r a g r a t i o i s l i n e a r l y p r o p o r t i o n a l t o speed with a measured value of 6 a t 45 m/s.
These measurements showed good agreement with t h i n t r a c k , t h e o r e t i c a l r e s u l t s based on Fourier Transform c a l c u l a t i o n s [2] .
b) S p l i t t r a c k guideway
The f o r c e s determined from impedance modelling were a l s o measured f o r t h e s p l i tt r a c k system Fig. ( I ) , over the same v e l o c i t y range (0-45 m/s) with the c o i l centr a l l y l o c a t e d and with a l a t e r a l displacement of 5mm. These r e s u l t s d i f f e r e d from the t e s t wheel measurements, i n t h a t the l i f t , and drag were both l a r g e r b u t they confirmed t h e absence of the low speed drag peak. Regardless of t h i s discrepancy t h e impedance modelling does determine the e f f e c t of parameter v a r i a t i o n s of t h e c o i l and guideway on the magnetic f o r c e s .
A l l the measurements were made f o r a f i x e d l e v i t a t i o n h e i g h t of 22.7mm, and a f i x e d r a t i o of t r a c k gap'width t o c o i l width of 0.96 Fig. (1) . The r e s u l t s , shown i n Fig.  ( 2) a r e markedly d i f f e r e n t from the f o r c e c h a r a c t e r i s t i c s mentioned previously i n t h a t t h e drag curve does not show a pronounced low speed peak, but tends t o s a t u r a t e a t 45 m/s and t h e l i f t f o r c e , w i t h i n t h i s speed range, has no asymptotic l i m i t . However, t h e l i f t / d r a g r a t i o s t i l l remains l i n e a r with speed. To i n v e s t i g a t e the e f f e c t of t h e l a t e r a l f o r c e s , experiments were conducted f o r l a t e r a l displacements of t h e c o i l e.g. 2.5mm t o 8 7 . 5 m from t h e c e n t r e of the s p l i t t r a c k . A displacement of 87.5mm corresponds t o a c o i l c e n t r a l l y p o s i t i o n e d over one of t h e guideway t r a c k s , and may be compared with t h a t of the impedance modelling measurements f o r t h e semii n £ i n i t e t r a c k . Fig. (3) shows the e f f e c t of l a t e r a l displacement of t h e magnet on l i f t , drag, and l a t e r a l f o r c e s and l i f t l d r a g r a t i o a t the maximum v e l o c i t y of 45 m / s . L i f t remains c o n s t a n t up t o 5mm displacement and a t lOmm i t i n c r e a s e s by 13%. Drag gradually r i s e s up t o 5 m displacement, t h e r e a f t e r r i s i n g sharply t o 64% a t 10mm. The l a t e r a l f o r c e i n c r e a s e s s t e e p l y with l a t e r a l displacement and a t 5mm displacement i t i s 67% of t h e l i f t f o r c e , while a t 7.2mm it i s equal and a t lOmm i t i s 143% of the l i f t f.orce. Fig. (4) shows the v a r i a t i o n s of the f o r c e s f o r l a r g e r displacements up t o 87.5mm.
Conclusions
The r e s u l t s presented f o r the 1/12 s c a l e d model of t h e s p l i t t r a c k EDS systems, demonstrates the f e a s i b i l i t y of t h i s design f o r a p r a c t i c a l system. Guidance f o r c e s can be generated which can exceed the l i f t f o r c e and the l i f t l d r a g r a t i o , when scaled up f o r a f u l l s c a l e system, i s q u i t e a c c e p t a b l e from t h e energy point of view. Furthermore, t h e absence of the low speed drag peak would appear t o be an added bonus. 
